A Pattern Reconfigurable Quasi-Yagi Antenna with
Compact Size

Pengkai Li', Zhenhai Shao', Yujian Cheng’, Quan Wang', Long Li' and Yongmao Huang'
'Greating-UESTC Joint Experiment Engineering Center,
*Fundamental Science on Extreme High Frequency Laboratory,
University of Electronic Science and Technology of China,
Chengdu, 611731, P. R. China

Abstract- A compact pattern reconfigurable quasi-Yagi an-
tenna is presented. It consists of a driven element, which is simp-
ly realized by a microstrip monopole and only one parasitic ele-
ment with four PIN diodes integrated on the arm. The effective
electrical length of the parasitic element is controlled by chang-
ing the biasing voltages. This configuration allows two end-fire
patterns with relatively high gain and opposite beam direction
and an omnidirectional pattern to be maintained across a wide
bandwidth. A commonly available impedance bandwidth of
12.65% is achieved corresponding to the same center operating
frequency of 2.45 GHz for the three modes. As this antenna has
reconfigurable pattern and relatively small size, it is very suitable
for the indoor wireless communication systems.

I.  INTRODUCTION

Pattern diversity antenna has gained extreme attention in in-
door wireless communication. Although most wireless local
area network (WLAN) applications utilize omnidirectional
antennas, directional and quasi end-fire antennas, such as Yagi
antenna, have been employed to suppress unwanted radio fre-
quency (RF) emissions as well as unwanted interference in
other directions [1]. In addition, reconfigurable antenna pat-
terns provide pattern diversity that could be used to provide
dynamic radiation coverage and mitigate multi-path fading [2],
[3]. The Yagi-Uda antenna is one of the most popular end-fire
antennas which can be designed to achieve a medium gain
with relatively low cross-polarization levels. A traditional
Yagi-Uda antenna consists of a driven element, a reflector,
and one or more directors. Many reconfigurable Yagi and qua-
si-Yagi antenna designs have been reported in the literature
[4]-[8].

In this paper, a compact pattern reconfigurable quasi-Yagi
antenna is proposed. The structure of the proposed antenna is
simple and planar. It consists of a driven element, which is
simply realized by a microstrip monopole and only one para-
sitic element with four PIN diodes integrated on the arm. The
effective electrical length of the parasitic element is adjusted
by changing the “on” and “off” state of the four PIN diodes to
achieve three different radiation patterns, two end-fire patterns
and an omnidirectional pattern over the same operating fre-
quency. A well-designed microstrip feed monopole-like driv-
en element is introduced to match the different impedance of
the three operation modes [9]. The design procedure with in-
tegrated PIN diode switches and biasing circuitry is presented.
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Fig. 1. (a) Antenna design layout. (b) Geometry and dimensions
of the antenna

II. ANTENNA DESIGN

A schematic layout and dimensions of the proposed antenna
are shown in Fig. 1. The parameters and dimensions of the
antenna are given in Table I. The antenna metallization is
etched on both sides of a 0.8mm-thick FR4 substrate with a
dielectric constant of 4.4, and total dimensions of 55.09 X
29.00mm”. The top metallization is composed of a microstrip
fed driven monopole element and a metal strip parasitic ele-
ment divided into five parts by four PIN diodes. The bottom
side metallization is a truncated ground plane with the same
width w,, as monopole element. The printed monopole func-
tions as a driven element with broadband characteristics fed
by a microstrip line. The microstrip line has signal width wy of
1.6 mm to achieve the 50 Q characteristic impedance feed line.



The driven monopole element is broadband designed by cut-
ting two slits on the feeding edge and well optimized to match
the different impedance of the three operation modes. The
proposed antenna has a very simple feeding structure without
the need of any external balun, transition, tapered or truncated
structures.

TABLE I
DIMENSIONS OF THE PROPOSED RECONFIGURABLE QUASI-YAGI ANTENNA
Parameter Is Ws la Iy Wp
Value (mm) 55.09 29.00 41.09 48.00 2.00
Parameter a b c d In
Value (mm) 9.80 6.90 1.20 15.00 24.57
Parameter Wm g K u wf
Value (mm) 10.00 1.48 1.30 7.90 1.60

The bias line is printed on the upper surface of the substrate,
as shown in Fig. 1(a). Eight 330nH inductors (L) are used as
RF choke to separate the RF signal. Four PIN diodes
(GMP4201, Microsemi) are used as switches in the parasitic
element. According to the PIN diode datasheet [10], the diode
represents a resistance of 2.3 Q for the “on” state and a paral-
lel circuit with a capacitance of 0.18 pF and a resistance of
30kQ for the “off” state [11]. The length of the parasitic ele-
ment can be adjusted by changing the different states of the
diodes. When the diodes are all on, the RF current can flow
across the whole arm which acts as a reflector. The antenna
operates at the quasi-Yagi mode and has a —y beam direction.
When the diodes are all off, the parasitic element is separated
into five parts and the parasitic current on them is not signifi-
cant. The antenna operates at the monopole mode and has an
omnidirectional radiation pattern. When the diode 1, 4 are off
and diodes 2, 3 are on, the RF current can only flow across the
three middle parts of the parasitic element which acts as a di-
rector. The antenna operates at the Quasi-Yagi mode and has a
+y beam direction. The operation modes and possible beam
direction along with the corresponding diode states are sum-
marized in Table II.

TABLE IT
OPERATION STATES OF THE PROPOSED RECONFIGURABLE QUASI-YAGI AN-
TENNA
PIN 1,4 PIN 2,3 Mode Beam Direction
State 1 ON ON Quasi-Yagi -y
State 2 OFF OFF Monopole Omnidirectional
State 3 OFF ON Quasi-Yagi +y

III. SIMULATED RESULTS AND DISCUSSION

Optimization of the antenna was carried out using HFSS 14.
The simulated S;; for the three modes are given in Figs. 2.
According to the simulation results, the 10-dB impedance
bandwidth commonly available to all modes is 310 MHz from
2.35 to 2.66 GHz, which is 12.65% with respect to the de-
signed frequency at 2.45GHz. As can be seen from Fig.2, the
bandwidth of state 1 or state 3 is narrower than state 2. This is

due to the reactance introduced by the parasitic element,
which acts as a reflector or a director. At state 2, when all the
diodes are off, the influence of the parasitic element is not
notable, thus the antenna bandwidth is mainly depending on
the driven monopole, which is broadband designed to over-
come the impedance variety of different operating modes.
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Fig. 2. Simulated S, for the three different operating modes.
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Fig. 3. Simulated radiation patterns for the three different operating modes.
(a) y-z plane and (b) x-y plane.



The simulated radiation patterns (y-z and x-y plane) of the
proposed antenna for three operating modes at 2.45 GHz are
shown in Fig. 3. The simulated peak gains for the —y, omnidi-
rectional and +y modes are 5.53, 2.9 and 5.17 dBi, respective-
ly. The front-to-back ratio is 6.3 dB for -y mode and 5.6 dB
for +y mode. The maximum ripple level of H-plane for state 2
is 2.2 dB. Since the ripple level is quite low, this antenna at
state2 has nearly omnidirectional H-plane pattern. To sum up,
the proposed antenna has significant characteristics of pattern
reconfiguration.

IV. CONCLUSION

A pattern reconfigurable quasi-Yagi antenna using integrat-
ed pin diodes is presented. The effective electrical length of
the parasitic element is adjusted without changing the driver
monopole when the operating frequency is constant by vary-
ing the biasing voltages. This configuration allows two end-
fire patterns with relatively high gain and opposite beam di-
rection and an omnidirectional pattern to be maintained across
a wide bandwidth. The impedance bandwidth are 12.65% at
state 1, 25.51% at state 2 and 16.33% at state 3 with the same
center operating frequency of 2.45 GHz. The simulated peak
gain for the —y, omnidirectional and +y modes is 5.5, 2.9 and
5.2 dBi, respectively. The pattern reconfigurable quasi-Yagi
antenna has the advantages of compact and easy to manufac-

ture, which makes it a good candidate for adaptive beam
switching in indoor wireless applications.
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